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Abstract 

Adult rhabdomyosarcoma (RMS) is a rare tumor that has inferior outcome 
compared to younger patient population. The present work aims to study the 
age-related differences in management of adolescents and adults with RMS. 
Under an institutional review board-approved protocol, we retrospectively 
analyzed 239 patients, 10 years of age and greater, diagnosed with RMS at 
MD Anderson Cancer Center from 1957 through 2003. Of the 239 patients, 
163 patients were nonmetastatic with a median overall survival (OS) of 
3.8 years (95% CI 2.8-7.6). In the multivariate analysis, age >50 was signifi- 
cantly associated with shorter OS and recurrence-free survival (RFS) for 
primary patients. Metastases were present in 76 patients, the median OS was 
1.4 years. Approximately 13% of metastatic patients <50 years old had a long- 
term survival exceeding 15 years. Multimodality therapy, including surgery, 
radiotherapy, and chemotherapy was significantly associated with longer OS in 
primary and metastatic patients. Use of bi- and triple modality treatment 
decreased in metastatic patients over 50 years of age compared to younger 
patients. RMS in adolescents and adults has a poor outcome compared with 
younger individuals. Increased use of multidisciplinary therapy may improve 
older patient clinical outcome. 



A waiver of informed consent was obtained 
from the Institutional Review Board (Protocol 
Number: RCR02-612). 



Introduction 

Rhabdomyosarcoma (RMS) is a rare mesenchymal tumor 
[1, 2]. It is the most common soft-tissue sarcoma in the 
first two decades of life, but accounts for <1% of adult 
cancers and is reported to account for <4% of adult soft- 



tissue sarcomas in the United States [3, 4]. Because cancer 
is fortunately a rare event during childhood, about four 
in 10 patients reported to have RMS are adults [5]. 

RMSs are classified into three main histologic sub- 
types: pleomorphic RMS (PRMS), embryonal RMS 
(ERMS), and alveolar RMS (ARMS). Classically, ERMS 
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is correlated with a better prognosis than either ARMS 
or PRMS [6-11]. 

Some chromosome rearrangements are specific to a 
subtype and allow a finer classification of the tumor, thus 
having a prognostic importance [12-20]. Therefore, the 
assessment of the translocation is becoming a tool for risk 
stratification in pediatric RMS [21, 22] and is likely to 
have relevance for adult RMS as well [23]. 

The Intergroup Rhabdomyosarcoma Study (IRS) made 
the major observation that patients older than 10 years of 
age, defined in the present work as adolescent and adult 
patients, had inferior outcomes compared to patients 
younger than 10 [11, 22, 24]. The 5-year overall survival 
(OS) for adult patients with localized disease is a dismal 
20-40% [6], whereas in pediatric patients it is between 
60% and 80% [25]. Five-year OS is <5% in adult patients 
with metastatic disease [3, 26, 27]. 

Because of its rarity, knowledge specific to patients over 
10 with RMS comes mostly from cohort studies, explain- 
ing the fact that diagnosis and treatment strategy for 
adult patients is often emulated from the pediatric RMS 
guidelines [28]. 

Because several studies suggested that patients over 
10 years of age experienced an inferior prognosis com- 
pared to younger children, the present work focuses on 
239 patients, 10 years of age and greater, diagnosed with 
RMS at MD Anderson Cancer Center (MDACC). 

We provide insight into the difference in outcome 
between adult and pediatric RMS patients, whether it is 
due to differences in biology itself through clinicopatho- 
logic description or differences in patient management. 

Patients and Methods 
Patients 

We retrospectively analyzed 239 consecutive patients, 
10 years of age and greater, diagnosed with RMS at 
MDACC from 1957 through 2003. Thirteen patients (5%) 
presented with relapse while the others received their pri- 
mary treatment at our institution. We obtained a waiver 
of informed consent and the protocol was approved by 
the Institutional Review Board. 

Patient demographics and tumor, treatment and sur- 
vival data were reviewed. Tumors were classified as local- 
ized disease when they had not yet metastasized at the 
time of diagnosis. Locoregional lymph node involvement 
was included in the nonmetastatic group. Distant lymph 
node involvement was categorized as metastases. 

The IRS staging system divides favorable from unfavor- 
able sites and gives risk stratification management in 
pediatric RMS. The anatomic sites were at first clustered 
following this staging system but were broaden due to 
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lack of prognostic significance. Tumor size was based on 
the largest dimension of the localized tumor as reported 
on pretreatment imaging scans. 

At least two cycles of chemotherapy were required to 
be included in the treatment analysis. 

Pathology 

Pathology review was performed at our institution by a sar- 
coma pathologist at the time of diagnosis for each patient 
and the specimens were rereviewed a second time at the 
inclusion to the study by a different sarcoma pathologist. 

Statistical analysis 

Patient outcome was assessed according to the following 
clinicopathological variables: age, gender, size and loca- 

Table 1. Patient and tumor characteristics. 



Description No. % 



Gender 

Female 97 41 

Male 142 59 
Age (years) 

<20 122 51 

20-50 88 37 

>50 29 12 
Subtype 

Alveolar 56 23 

Embryonal 95 38 

Pleomorphic 23 10 

Unknown 65 27 
Location 

Head and neck 87 36 

GU 46 19 

Trunk 23 10 

Intraabdominal/pelvis 35 15 

Extremities 48 20 
IRS 

1 57 24 

2 32 13 

3 73 31 

4 76 32 
Unknown 1 0 

IRS group 

I 52 22 

II 13 5 

III 88 37 

IV 76 32 
Unknown 10 4 

Tumor size 

0-5 cm 88 37 

5.01-10.00 cm 90 38 

>10cm 51 21 

Unknown 16 7 



GU, genitourinary; IRS, Intergroup Rhabdomyosarcoma Study. 
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Time (years) Time (years) 

Figure 1. Kaplan-Meier patient overall survival comparing (A) histology subtypes, (B) era of treatment, (C) age in localized, and (D) metastatic 
setting. 



tion of localized tumor, nodal status, and IRS group clas- 
sification. Treatment was analyzed according to the extent 
of multidisciplinary involvement as well as the type of 
chemotherapy agent. 

The Kaplan and Meier product limit estimator esti- 
mated the median OS, recurrence-free survival (RFS) for 
nonmetastatic patients and progression-free survival 
(PFS) for metastatic patients from date of diagnosis to 
date of death or last follow-up. We used Cox propor- 
tional hazards regression to model OS, RFS, and PFS and 
to estimate the hazard ratios for several potential prog- 
nostic factors in a univariate fashion. We then included 
in a multivariate model all factors found to be significant 
at the 0.25 level and used backward elimination to 
remove factors until all remaining factors were significant 
at the 0.05 level. All statistical analyses were performed 
using SAS 9.1 for Windows (Copyright © 2002-2003 by 
SAS Institute Inc., Cary, NC). 

Results 

Patient demographics 

The cohort included 239 patients, 10 years of age and 
older, followed and treated at our institution for a diag- 
nosis of RMS. This represents only 1.2% of the 19,708 
patients with sarcoma seen during the period of the 
study. The median age was 19 years with a range of 
10-102, while 80% of patients were age 15 or older. There 



were 97 (40.6%) women and 142 (59.4%) men (Table 1). 
ERMS was the most represented subtype and tended to 
have a longer survival compared with other subtypes 
(Fig. 1A). To reflect the evolution of RMS management 
over the 45-year study period, survival was analyzed 
according to three different time periods: 1957-1979, 
1980-1989, and 1990-2003. No difference in 5-year OS 
was observed between the three time periods and was sta- 
ble around 33% (Fig. IB). Moreover, incidence of nodal 
involvement was used as a surrogate for imaging 
improvement. Nodal detection was stable overtime with a 
rate of 7%. 

Localized disease 

Patient demographics 

163 patients (68%) had no evidence of metastases, 
including 63 (38.7%) women and 100 (61.3%) men. The 
median age was 22 with a range of 10-102. The mean 
age was 28.6 (standard deviation, 18.1). 

Tumor characteristics 

Sixty-two percent of the tumors were considered invasive 
at surgery or on imaging. The main tumor location was 
the head and neck (44%), followed by the genitourinary 
(GU) tract (20%) and the extremities (18%). The trunk 
and intraabdominal and pelvis locations each represented 
<10% of patients (Table 2). 



2013 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 



555 



Management of Adult Rhabdomyosarcoma 



S. N. Dumont et al. 



N 2 
1 1 



O j3 















m 








o 


rsi 








7 








rM 






o 


cn 




1 


^~ 


(N 




o 


CO 


rN 




o 


I s - 


o 






^~ 


UD 






UD 








m 


O 






o 


o 




1 


d 


d 








V 


UD 




UD 




cn 




O 


o 


m 




O 


o 


d 


1 


d 


d 








V 



o co cn <— 

m o *— *- 

o I s - ld <£> 

d d d d 



cn cn no 
ro rsi ro 



*=f rsi (N 
lo cn o 
cn *- o 



00 fN 

rsj rN 



lo cq -xt; 
cn rsi ro 



7 f 

lti oo 



o 

^ ^ ro 



o «- 
»- o 

o o 





rsi 




m 
o 
o 


O 

o 




cn 
ro 
o 


O UD 

m »— 

UD p- 


p- 
to 




UD 
rsj 
CO 


LO 

o 




cn 
UD 
cn 


rN 

LO 

UD 






UD 
I s - 
ro 


LO 

cn 
o 


Lfl 
O 


cn 

<st 

rsi 


I s - 

. 

UD 


O 
O 




ro 


1 


O 


1 


d 


d 

V 


1 


o 


d d 


o 


1 


d 


d l 


1 


o 


d 


1 


1 


o 


o 


o 


O 


O 


o 

V 


1 


I d 


X) 




r- 




cn 


LP) 


cn 


o m 


rsj 


cn 


o 


rN 


cn 




I s - 




I s - 


ro 


rM 




ro 


O 


UD 




cn ld 






ud 




d 




ro 




rs 


ro 


rsi 






rsi 




1 








1 




LTI 


d 


nn 


d d 


ro 


ud 


Cn 


o 




sf 


d 


cn cn 


co" 


In 
ro 


o 

rsi 


^ <- 


CN 

ro 


CO 


rn 

LO 


(B 


cn" 
ro 


ro 


fN 


o 

rsi 






o 




ud cn" 


m 

X) 


o 
o 




UD 
UD 


ro 
rN 


PM 

r- 


ro 
ro 


n" 


o 

ro 


p- 

LD 


rsi 
ro 


rN <— 

p- 


rsj 

LT1 


ro 


P- 
CO 


o 


ro 
UD 


Lfl 


cn 


ro 
ro 


rsi 


UD 


p- 


CO 


o ld 



E o 



ro =: 4^ 



£ 1 



qj r\i 

Oi V 
< 



O LO fs5 OJ 



c c -o 

>- b 

E 45 

_ O it 

o 45 o c o 

O o o tj 
D t D < 



2 'u OJ 'u 

oj 15 ^ 
£ 2 E 



■5 E 



> y 
S- 3 



O £- 



> , -a 

c 

< 



E E 



00 ^ cu u l/l 



556 



1 2013 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 



S. N. Dumont et al 



Management of Adult Rhabdomyosarcoma 



.a 



J= Z3 

.5 ro 



o 

b £3 



03 
O 

O 



LD Ln 

■a- oo 

U3 rsj 



UD ^t ^ 

rri 



^ w in 
rsj ^ ^ 



E o 



O in up «- 

-V o 0 

c p o o 



§ 1 

o ^ 

^- c 

A 3 



Tumors measured most often <5 cm (41%); whereas 
37% were 5-10 cm and 17% were larger than 10 cm. 
Tumor size was not specified in 8% of cases. 

Treatment 

Very few patients underwent localized therapy alone (20 
patients, 9%) while 6% (14 patients) had chemotherapy 
alone. Many patients had multimodality therapy inte- 
grating surgery, chemotherapy, and radiotherapy (37%) 
whereas 36% had chemotherapy-based therapy with 
either surgery or radiotherapy. Patients over 50 years of 
age were more likely to have multimodality therapy 
compared with younger patients but the rate of chemo- 
therapy-based strategies was fairly similar over age in 
the localized patient population (Fig. 2A). A chemo- 
therapy regimen that included actinomycin D was given 
to 23% of patients. The patients receiving actinomycin 
D were almost exclusively (91%) under 20 years old. 
Doxorubicin was administered to 54% of patients and 
ifosfamide to 18% of patients. Eighty percent of 
patients receiving doxorubicin plus ifosfamide were 
between 20 and 50 years of age. Patients over 50 were 
less likely to receive ifosfamide than patients between 
ages 20 and 50 (Table 3). Ninety-nine percent of 
patients with localized RMS received at least one of the 
three drugs. 

Outcome 

The analyses of RFS and OS are summarized in Table 2. 
One hundred twelve (69%) of the 163 patients had recur- 
rent disease or died. Median follow-up for all 163 patients 
with localized disease was 3.3 years (range, 0.3- 
42.7 years). The 64 patients who remained alive had a 
median follow-up of 12.1 years (range, 0.6-42.7 years) 
while the 99 patients who died had a median follow-up 
of 1.8 years (range, 0.3-31.9 years). 

The median RFS was 1.9 years (95% CI 1.3-2.8 years), 
the 1-year RFS rate was 0.67 (95% CI 0.59-0.73), the 
2-year RFS rate was 0.469 (95% CI 0.390-0.544), and the 
5-year RFS rate was 0.362 (95% CI 0.288-0.436). Thirteen 
patients had recurrent disease but remained alive at last 
follow-up. In the univariate analysis of RFS, increasing age, 
and "No Chemotherapy" were associated with shorter 
RFS, while GU location and "Any actinomycin D, No 
doxorubicin/ifosfamide" were significantly associated with 
longer RFS. Patients who did not receive chemotherapy 
had a complete resection with or without radiation ther- 
apy. However, in the multivariate analysis only an increas- 
ing age was associated with a shorter RFS (Table 2). 

The median OS for all patients with localized disease 
was 3.8 years with 95% confidence interval (CI) 
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Disease stage Localized Metastatic 



Age 

Chemotherapy regimen 


<20 




20-50 




>50 




<20 




20-50 




>50 




No. 


% 


No. 


% 


No. 


% 


No. 


% 


No. 


% 


No. 


% 


Ifosfamide-free regimen 


























Anu Hnvnn ihinn nn iTncTjamirlo 
rti iv uuaui uuili 1 1, i iu i lum a! I nutr 


26 


35 


27 


41 


1 4 


48 


22 


46 


1 2 


55 


4 


67 


Any actinomycin D, no doxorubicin/ifosfamide 


30 


41 


1 


2 


2 


7 


13 


27 


0 


0 


0 


0 


Any regimen, no actinomycin D/doxorubicin/ifosfamide 


0 


0 


2 


3 


0 


0 


1 


2 


1 


5 


0 


0 


Ifosfamide-based regimen 


























Any ifosfamide, no doxorubicin 


3 


4 


2 


3 


0 


0 


4 


8 


1 


5 


0 


0 


Any ifosfamide plus doxorubicin 


1 


1 


16 


24 


3 


10 


4 


8 


6 


27 


1 


17 


Sequential doxorubicin plus ifosfamide 


2 


3 


4 


6 


0 


0 


3 


6 


1 


5 


0 


0 


No chemotherapy 


4 


5 


9 


14 


4 


14 


0 


0 


0 


0 


0 


0 


Unknown 


8 


11 


5 


8 


6 


21 


1 


2 


1 


5 


1 


17 


Total 


74 


100 


66 


100 


29 


100 


48 


100 


22 


100 


6 


100 



2.8-7.6 years. Ninety-nine of the 163 patients died. 
The 1-year OS was 0.846 with 95% CI 0.781-0.893. The 
2-year OS was 0.660 with 95% CI 0.582-0.727, and the 5-year 
OS was 0.441 with 95% CI 0.362-0.516. In the univariate 
analysis of OS, increasing age and IRS grade 3, were 
significantly associated with shorter OS, while GU loca- 
tion, "any actinomycin D, no doxorubicin/ifosfamide", 
and "surgery plus chemotherapy or chemotherapy plus 
radiotherapy" were significantly associated with longer 
OS. In the multivariate analysis only increasing age and 
inclusion of chemotherapy ("surgery plus chemotherapy 
or chemotherapy plus radiotherapy") were associated with 
longer OS (Table 2). The Kaplan-Meier survival curve 
presented a notable inflection point at 5 years followed 
by a plateau. Long-term survivors (>15-year) included 
55% of patients younger than 20, 31% of patients 
between 20 and 50 years of age, but <10% of patients 
older than 50 (5-year OS 13%, median OS of 1.7 years, 
Fig. 1C). 

Metastatic disease 
Patient demographics 

There were 76 patients with metastatic disease, including 
34 (44.7%) women and 42 (55.3%) men. The median age 
was 18 (10-67 years). The mean age was 23.7 (standard 
deviation, 13.9). 

Tumor characteristics 

Localized tumors were found within the abdomen or pelvis 
in 28%, the extremity in 24% of the tumors were located 
in the extremities, the head and neck in 20%, in the GU 
region in 17%, and on the trunk in 12% of patients. Two 
thirds of the primary tumors measured >5 cm (68%) at 



diagnosis (Table 4). The main metastatic sites were the 
lungs in 39% of cases, the bone marrow for 28%, distant 
lymph nodes in 20%, and the bone for 14% of patients. 

Treatment 

All the patients received chemotherapy. Thirty-nine per- 
cent had either surgery or radiotherapy associated with 
chemotherapy while 21% had all three modalities. Seven- 
teen percent of patients received actinomycin D, 70% 
doxorubicin, and 26% ifosfamide. Only two patients 
received none of these three agents (3%). Patients with 
metastatic disease had a 14.4% 15-year survival treated 
with bimodality treatment (chemotherapy plus surgery or 
chemotherapy plus radiotherapy) and patients who were 
able to be treated with all three modalities (surgery plus 
chemotherapy plus radiotherapy) had a 37.5% 14-year 
survival. Use of surgery and/or radiation therapy in addi- 
tion to chemotherapy decreased in metastatic patients 
over 50 years of age compared to younger patients 
(Fig. 2B), and their chemotherapy was less likely to 
include ifosfamide than patients between 20 and 50 years 
of age (Table 3). 

Outcome 

The analyses of PFS and OS are summarized in Table 4. 
Median follow-up for all 76 patients with metastatic disease 
was 1.4 years (range, 0.1-21.6 years). For the 14 patients 
who remain alive the median follow-up was 8.9 years 
(range, 1.1-21.6 years). For the 62 patients who died the 
median follow-up was 1.1 years (range, 0.1-14.9 years). 

The median PFS was 0.9 years (95% CI 0.7-1.3 years). 
Sixty-seven (88%) of the 76 patients had progressive dis- 
ease or died. The PFS rate at 1-year was 0.447 (95% CI 
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A 




<20 20-50 >50 

Age (years) 




< 20 20-50 > 50 

Age (years) 

Chemotherapy 

Surgery alone or surgery plus radiotherapy 



I I Chemotherapy plus either surgery or radiotherapy 
l.v.v-1 Chemotherapy plus surgery plus radiotherapy 
Unknown 

Figure 2. Treatment modality for (A) localized patients (B) metastatic 
patients. 

0.334-0.555), at 2-years was 0.224 (95% CI 0.138-0.322), 
and at 5-years was 0.132 (95% CI 0.067-0.218). Five 
patients with progressive disease remained alive at last 
follow-up. In the univariate analysis age >50 and location 
in the trunk or abdomen/pelvis region were significantly 
associated with shorter PFS, while patients who were able 
to receive surgery, radiation, and chemotherapy were 
associated with longer PFS than those who did not. In 
the multivariate analysis these same factors were found to 
be associated with PFS, along with location in the extrem- 
ities (Table 4). 

The median OS for all patients with metastatic disease 
was 1.4 years (95% CI 1.0-1.8 years). The median OS at 



1-year was 0.605 (95% CI 0.486-0.705), at 2-years was 
0.323 (95% CI 0.221-0.429), and at 5-years was 0.180 
(95% CI 0.102-0.277). 

In the univariate analysis of OS, age >50 and location 
in the trunk or abdomen/pelvis were associated with 
shorter OS, while patients who were able to receive sur- 
gery, radiation, and chemotherapy were associated with 
longer OS compared with those who did not. These three 
factors remained significant in the multivariate analysis of 
OS in patients with metastatic disease (Table 4). 

In the multivariate analysis of OS, location in the 
extremities was also found to be associated with a longer 
PFS. The Kaplan-Meier curve shows an inflection point 
around 3 years, followed by a plateau for patients youn- 
ger than 50 suggesting a cure rate of -17% for these 
metastatic patients (Fig. ID). 

Discussion 

Adolescent and adult RMS is a rare entity that has infe- 
rior outcome compared to younger patient population. 
Our study shows not only that this patient population 
have a similar clinicopathologic pattern than pediatric 
RMS, but also that adolescent and adult patients before 
50 years of age are more likely to receive multidisciplinary 
therapy and ifosfamide-based chemotherapy than their 
older counterparts. 

The first major difference between pediatric and older 
patients is the referral pattern. Indeed, pediatric cancers 
are most likely to be referred to tertiary or quaternary 
cancer center, thus benefiting from a more accurate diag- 
nosis, which is critical in this disease. According to the 
Surveillance, Epidemiology and End Results (SEER) study 
comparing adult and pediatric RMS patients between 
1973 and 2005 for a total of 2600 patients, the histologic 
subtype was unknown for about 43% of adult patients 
versus 13.2% of pediatric patients [5]. SEER data reflect- 
ing the average population management, we could assume 
that in the early 70s, many malignant fibrous histiocytoma 
were mistaken for PRMS by nonsarcoma-trained patholo- 
gists. MDACC being a referral center for sarcoma treat- 
ment, about 27% of pathology specimens could not be 
characterized, particularly from patients treated during 
the earliest time period, which suggests that referring 
adult RMS patients to an expert center increases the 
chances of a better characterization of the disease [29]. 

Moreover, our study survival data reveals two major 
observations. First, patients with metastatic RMS were 
found to have an 18% survival rate 5 years from diagno- 
sis with an apparent 12% survival past 15 years, which is 
unexpectedly high in this setting. Second, patients older 
than 50 years with localized RMS have a dismal 5-year 
OS of 13%. As this finding could not merely be explained 



2013 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 



559 



Management of Adult Rhabdomyosarcoma 



S. N. Dumont et al. 



o 



-L 1 
cn ld 



o ^ o 
^ rsi rsi 



in co 

<— LTI 
O r- 



00 

m cn 

rsi r-» 

^ CD 



q ^ *- 

^ rsi rN 



^ o 



rsi lo iX) 

O O Cn 

tri o O 



t— <— ld -sj- m 



rsi o O O 

o o o o 



r-- o o o 
dodo 



r— ^- o m 

7 7 T qi 

m LTi m o 

r-- m I s - st 

o ^ ,- 



o m o I s - <— 
o cn o ud 
^ -sF rn 



i--. m rN co 
co <- o o 
«- o o o 
dodo 



r-» o o o 
dodo 



cq st q ^ co 
^ ^— d d 



LTl 


un 


rn 


cn ^ 
rsi co 


o 
rsi 




rsT 


00 
rsj 




m 


rsi 


CO 


rsi ld 
rsi 


LTi 


m 


cn 


rsi 


CO 







un 


o 
rN 


rsi 
cn 
r*. 


un 

00 


1 


l 


d 


d 


d 


d 


o 


q 






cn 


on 








o 


o 




cn" 
cn 


(05) 






j>T 


on 


LTi 


CO 

m 


un 




m 


rsi 



rsi O un Oj 



qj u_ .> cn V rsi A 



u~i m -sj- un 



5 E E E 
9 o ™ o 



_c Q 2= Q < 



D C D O 

2 o S s 

£ .E £ -E 

45 G 45 £ 

s g- 1 1 

, E § H .s 

o 'oi q p 



c 
< 



°- ° ~B 

c >, £ o 

E £ oi -5 2 

<u U l/l 



560 



i 2013 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 



S. N. Dumont et al 



Management of Adult Rhabdomyosarcoma 



n 2 
1 E 



n 9 

1 1 



o 

6 j3 



rn o lti 
^ ^ o 



a. ^ 



n H 



o O ^ c 

o uS a ^> 



by the natural aging of patients, metastatic patients of this 
age group did not share the similar long-term survival 
trend. This raises the question that patients over 50 years 
of age with localized disease may be treated less effectively 
than the younger patients. 

While looking closer at the treatment disparities among 
age groups, the first aspect was that, in localized disease, 
the probability of not receiving chemotherapy increased 
with age, which may have reduced the probability of 
long-term survival. Meanwhile, patients older than 
50 years of age with metastatic RMS were much more 
likely to receive chemotherapy only whereas their younger 
counterparts were more likely to be treated with 
approaches including surgery or radiotherapy. This find- 
ing confirms the recent study from Kojima et al. [30] that 
judicious use of local therapy is critical to survival of 
patients with metastatic disease. Moreover, chemotherapy 
regimens including ifosfamide are the mainstay of chemo- 
therapy used in older patients with RMS; however, ifosfa- 
mide is often withheld or limited in its use due to 
associated toxicity in this population. This leads to specu- 
lation that perhaps alternative agents such as cyclophos- 
phamide could be used more frequently. 

Alternatively, RMS is possibly a different biological and 
clinical entity in patients aged 10 years or greater. As the 
subtype and translocation status have prognostic signifi- 
cance, the different pattern of histology across age, for 
instance the pleomorphic subtype uncommon in pediatric 
patients, may explain the difference in outcome. While 
few studies focused on the age-related biological and 
molecular differences of RMS [23], the cell of origin of 
RMS was investigated in recent works such as the Euro- 
pean Pediatric Soft Tissue Sarcoma Study Group showing 
that the patient outcomes and gene expression signatures 
of fusion-negative ARMSs were very similar to those of 
ERMSs, and may help better understand the relationship 
between outcome and histological subtype [31]. 

Finally, a report based on SEER data showed that the 
outcome of children and adolescent younger than 
15 years of age with RMS appeared to have improved 
between 1975 and 1982, reflecting the impact of manage- 
ment improvement as a result of clinical trial participa- 
tion but had been stable since [32]. 

Possibly due to methodology, selection bias, or referral 
patterns, our work shows no quantifiable clinical 
improvement in the outcome of older patients over the 
last 50 years despite a better understanding of the disease 
biology, imaging, and treatment progress. 

Despite its inherent limitations, this study highlights 
the need to improve the management of patients with 
RMS over 10 years of age. We should ensure that these 
patients benefit as much from clinical management and 
research progress as younger patients with RMS. 



) 2013 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 



561 



Management of Adult Rhabdomyosarcoma 



S. N. Dumont et al. 



Conflict of Interest 

None declared. 
References 

1. Stout, A. P. 1946. Rhabdomyosarcoma of the skeletal 
muscles. Ann. Surg. 123:447-472. 

2. Dagher, R., and L. Helman 1999. Rhabdomyosarcoma: an 
overview. Oncologist 4:34-44. 

3. Ferrari, A., P. Dileo, M. Casanova, R. Bertulli, C. Meazza, 
L. Gandola, et al. 2003. Rhabdomyosarcoma in adults. A 
retrospective analysis of 171 patients treated at a single 
institution. Cancer 98:571-580. 

4. Jemal, A., R. Siegel, E. Ward, T. Murray, J. Xu, C. Smigal, 
et al. 2006. Cancer statistics. CA Cancer J. Clin. 56:106- 
130. 

5. Sultan, I., I. Qaddoumi, S. Yaser, C. Rodriguez-Galindo, 
and A. Ferrari. 2009. Comparing adult and pediatric 
rhabdomyosarcoma in the surveillance, epidemiology and 
end results program, 1973 to 2005: an analysis of 2,600 
patients. J. Clin. Oncol. 27:3391-3397. 

6. Little, D. J., M. T. Ballo, G. K. Zagars, P. W. Pisters, S. R. 
Patel, A. K. El-Naggar, et al. 2002. Adult 
rhabdomyosarcoma: outcome following multimodality 
treatment. Cancer 95:377-388. 

7. Raney, R. B., J. R. Anderson, K. L. Brown, W. W. Huh, 

H. M. Maurer, W. H. Meyer, et al. 2010. Treatment results 
for patients with localized, completely resected (Group I) 
alveolar rhabdomyosarcoma on Intergroup Rhabdomyo- 
sarcoma Study Group (IRSG) protocols III and IV, 1984- 
1997: a report from the Children's Oncology Group. 
Pediatr. Blood Cancer 55:612-616. 

8. Furlong, M. A., T. Mentzel, and J. C. Fanburg- Smith. 
2001. Pleomorphic rhabdomyosarcoma in adults: a 
clinicopathologic study of 38 cases with emphasis on 
morphologic variants and recent skeletal muscle-specific 
markers. Mod. Pathol. 14:595-603. 

9. Oberlin, O., A. Rey, E. Lyden, G. Bisogno, M. C. Stevens, 
W. H. Meyer, et al. 2008. Prognostic factors in metastatic 
rhabdomyosarcomas: results of a pooled analysis from 
United States and European cooperative groups. J. Clin. 
Oncol. 26:2384-2389. 

10. Meza, J. L., J. Anderson, A. S. Pappo, and W. H. Meyer. 
2006. Analysis of prognostic factors in patients with 
nonmetastatic rhabdomyosarcoma treated on intergroup 
rhabdomyosarcoma studies III and IV: the Children's 
Oncology Group. J. Clin. Oncol. 24:3844-3851. 

11. Raney, R. B., J. R. Anderson, F. G. Barr, S. S. Donaldson, 
A. S. Pappo, S. J. Qualman, et al. 2001. 
Rhabdomyosarcoma and undifferentiated sarcoma in the 
first two decades of life: a selective review of intergroup 
rhabdomyosarcoma study group experience and rationale 



for Intergroup Rhabdomyosarcoma Study V. J. Pediatr. 
Hematol. Oncol. 23:215-220. 

12. Barr, F. G. 2001. Gene fusions involving PAX and FOX 
family members in alveolar rhabdomyosarcoma. Oncogene 
20:5736-5746. 

13. Davis, R. J., C. M. D'Cruz, M. A. Lovell, J. A. Biegel, and 
F. G. Barr. 1994. Fusion of PAX7 to FKHR by the variant 
t(l;13)(p36;ql4) translocation in alveolar 
rhabdomyosarcoma. Cancer Res. 54:2869-2872. 

14. Douglass, E. C, D. N. Shapiro, M. Valentine, S. T. Rowe, 

A. J. Carroll, R. B. Raney, et al. 1993. Alveolar 
rhabdomyosarcoma with the t(2;13): cytogenetic findings 
and clinicopathologic correlations. Med. Pediatr. Oncol. 
21:83-87. 

15. Douglass, E. C, M. Valentine, E. Etcubanas, D. Parham, 

B. L. Webber, P. J. Houghton, et al. 1987. A specific 
chromosomal abnormality in rhabdomyosarcoma. 
Cytogenet. Cell Genet. 45:148-155. 

16. Scrable, H, W. Cavenee, F. Ghavimi, M. Lovell, K. 
Morgan, and C. Sapienza. 1989. A model for embryonal 
rhabdomyosarcoma tumorigenesis that involves genome 
imprinting. Proc. Natl. Acad. Sci. USA 86:7480-7484. 

17. Shapiro, D. N., J. E. Sublett, B. Li, J. R. Downing, and C. 
W. Naeve. 1993. Fusion of PAX3 to a member of the 
forkhead family of transcription factors in human alveolar 
rhabdomyosarcoma. Cancer Res. 53:5108-5112. 

18. Sorensen, P. H, J. C. Lynch, S. J. Qualman, R. Tirabosco, 
J. F. Lim, H. M. Maurer, et al. 2002. PAX3-FKHR and 
PAX7-FKHR gene fusions are prognostic indicators in 
alveolar rhabdomyosarcoma: a report from the children's 
oncology group. J. Clin. Oncol. 20:2672-2679. 

19. Turc-Carel, C, S. Lizard-Nacol, E. Justrabo, M. Favrot, T. 
Philip, and E. Tabone. 1986. Consistent chromosomal 
translocation in alveolar rhabdomyosarcoma. Cancer 
Genet. Cytogenet. 19:361-362. 

20. Scrable, H, D. Witte, H. Shimada, T. Seemayer, W. W. 
Sheng, S. Soukup, et al. 1989. Molecular differential 
pathology of rhabdomyosarcoma. Genes Chromosom. 
Cancer 1:23-35. 

21. Missiaglia, E., D. Williamson, J. Chisholm, P. Wirapati, G. 
Pierron, F. Petel, et al. 2012. PAX3/FOX01 fusion gene 
status is the key prognostic molecular marker in 
rhabdomyosarcoma and significantly improves current risk 
stratification. J. Clin. Oncol. 30:1670-1677. 

22. Raney, R. B., H. M. Maurer, J. R. Anderson, R. J. 
Andrassy, S. S. Donaldson, S. ]. Qualman, et al. 2001. The 
Intergroup Rhabdomyosarcoma Study Group (IRSG): 
major Lessons From the IRS-I Through IRS-IV Studies as 
Background for the Current IRS-V Treatment Protocols. 
Sarcoma 5:9-15. 

23. Dumont, S. N., A. J. Lazar, ]. A. Bridge, R. S. Benjamin, 
and J. C. Trent. 2012. PAX3/7-FOX01 fusion status in 
older rhabdomyosarcoma patient population by 



562 



2013 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 



S. N. Dumont et al 



Management of Adult Rhabdomyosarcoma 



fluorescent in situ hybridization. J. Cancer Res. Clin. 
Oncol. 138:213-220. 

24. Joshi, D., J. R. Anderson, C. Paidas, J. Breneman, D. M. 
Parham, and W. Crist. 2004. Age is an independent 
prognostic factor in rhabdomyosarcoma: a report from the 
Soft Tissue Sarcoma Committee of the Children's 
Oncology Group. Pediatr. Blood Cancer 42:64-73. 

25. Crist, W., E. A. Gehan, A. H. Ragab, P. S. Dickman, S. 
S. Donaldson, C. Fryer, et al. 1995. The Third 
Intergroup Rhabdomyosarcoma Study. J. Clin. Oncol. 
13:610-630. 

26. Esnaola, N. F., B. P. Rubin, E. H. Baldini, N. Vasudevan, 
G. D. Demetri, C. D. Fletcher, et al. 2001. Response to 
chemotherapy and predictors of survival in adult 
rhabdomyosarcoma. Ann. Surg. 234:215-223. 

27. Hawkins, W. G., A. Hoos, C. R. Antonescu, M. J. Urist, 
D. H. Leung, J. S. Gold, et al. 2001. Clinicopathologic 
analysis of patients with adult rhabdomyosarcoma. Cancer 
91:794-803. 

28. Rosenberg, A. R., S. X. Skapek, and D. S. Hawkins. 2012. 
The inconvenience of convenience cohorts: 



rhabdomyosarcoma and the PAX-FOXOl biomarker. 
Cancer Epidemiol. Biomarkers Prev. 21:1012-1018. 

29. Ray-Coquard, I., M. C. Montesco, J. M. Coindre, A. P. 
Dei Tos, A. Lurkin, D. Ranchere-Vince, et al. 2012. 
Sarcoma: concordance between initial diagnosis and 
centralized expert review in a population-based study 
within three European regions. Ann. Oncol. 23:2442-2449. 

30. Kojima, Y., K. Hashimoto, M. Ando, K. Yonemori, A. 
Hirakawa, M. Kodaira, et al. 2012. Clinical outcomes of 
adult and childhood rhabdomyosarcoma treated with 
vincristine, d-actinomycin, and cyclophosphamide 
chemotherapy. J. Cancer Res. Clin. Oncol. 138:1249-1257. 

31. Williamson, D., E. Missiaglia, A. de Reynies, G. Pierron, 
B. Thuille, G. Palenzuela, et al. 2010. Fusion gene-negative 
alveolar rhabdomyosarcoma is clinically and molecularly 
indistinguishable from embryonal rhabdomyosarcoma. 

J. Clin. Oncol. 28:2151-2158. 

32. Smith, M. A., N. L. Seibel, S. F. Altekruse, L. A. Ries, D. L. 
Melbert, M. O'Leary, et al. 2010. Outcomes for children 
and adolescents with cancer: challenges for the twenty-first 
century. J. Clin. Oncol. 28:2625-2634. 



2013 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 



563 



